Several foreign chemicals are metabolized by the mixed-function oxidase system of liver microsomal material (Conney, 1967; Kuntzman, 1969) . It has been suggested that the drugs induce 8-aminolaevulinate synthetase, the first and rate-limiting enzyme of the haem biosynthetic pathway, thereby causing increased haem and cytochrome P450 synthesis, which results in enhanced activity ofthe mixedfunction oxidase system (Granick, 1966; Baron & Tephly, 1969a; Marver, 1969) .
Phenobarbital and allylisopropylacetamide cause increased amounts of 8-aminolaevulinate synthetase (Baron & Tephly, 1969a; Marver et al., 1966b) . Both compounds increase the rate of haem synthesis (Marver, 1969) . Phenobarbital increases cytochrome P450 content and causes striking anabolic effects, such as proliferation of the endoplasmic reticulum (Orrenius et al., 1965) , increased synthesis of protein (Kato et al., 1965) and lipid (Holtzman & Gillette, 1968) , increased RNA content (Jachau & Fouts, 1966) and stabilization ofpolyribosomes (Cohen &Ruddon, 1971) . Although detailed studies are not available, administration of allylisopropylacetamide causes an increase in liver weight, total protein and lipid contents (Marver et al., 1966b; Lottsfeld & Labbe, 1965) . Allylisopropylacetamide also causes proliferation of the smooth endoplasmic reticulum (Moses et al., 1970; Biempica etal., 1967; Posalaki & Barka, 1968) .
It is not clear whether an increased rate of haem synthesis owing to allylisopropylacetamide or phenobarbital administration has any role in the stimulation of the anabolic effects of these drugs. Raisfeld et al. (1970) , on the one hand, reported that the phenoVol. 134 barbital-induced increase in cytochrome P450 content could be blocked by aminotriazole, an inhibitor of haem synthesis, without significantly interfering with the processes leading to proliferation of the endoplasmic reticulum. On the other hand, Marver (1969) and Marver et al. (1968) reported that externally administered haematin, the 'co-repressor' for 8-aminolaevulinate synthetase, counteracts the increased cytochrome P-450, protein and lipid contents caused by phenobarbital. In addition, the induction of 8-aminolaevulinate synthetase and proliferation of the endoplasmic reticulum owing to allylisopropylacetamide administration could be related events, since puromycin and actinomycin D block both the processes (Biempica et al., 1967) .
In the present study the biochemical effects of allylisopropylacetamide and phenobarbital in rat liver have been compared and we have examined their effects on haem synthesis to see if they have a common basis, causing the other biochemical effects. Treatment of the livers. The animals were killed by decapitation and the livers were removed and fresh weights recorded. They were then homogenized with 5vol. of 0.25M-sucrose. The homogenate was centrifuged at 15000g for 15min. A known volume of the post-mitochondrial supernatant was taken and centrifuged at 105000g for 1 h in a Beckman L3-50 ultracentrifuge. The microsomal pellets obtained were rinsed once and suspended in 0.25M-sucrose to contain microsomal fractions (microsomes) from 1 g of liver in 1 ml. All the operations were carried out at 0-4°C. Portions of the microsomal suspensions were used for determination of protein, RNA and phospholipid contents.
Experimental
Determination ofcytochrome P-450. For this determination, the livers were homogenized with 1.15% KCl and microsomes were isolated as described above. The pelleted microsomes were rinsed with 1.15 % KCI and suspended in 0.05 M-potassium phosphate buffer, pH 7.5. Cytochrome P-450 content was determined by the method of Omura & Sato (1964) , from the CO-difference spectrum of dithionite-reduced preparations by using an extinction coefficient of 91 mm-r Icm-l between 450nm and 490nm.
Analytical methods. Protein was determined by the method of Lowry et al. (1951) with bovine serum albumin as the standard. RNA content was determined by the method of Munro & Fleck (1966) . Phospholipid content was determined by the method of Folch et al. (1957) . The liver 8-aminolaevulinate and porphobilinogen contents were determined by the method of Satyanarayana Rao et al. (1971) .
Enzyme assays. 8 -Aminolaevulinate synthetase was assayed in the liver homogenates by the method of Marver et al. (1966a) .
Ribonuclease activity of the microsomes isolated from the livers homogenized in 0.25M-sucrose was determined by the method of Louis-Ferdinand & Fuller (1970) . The incubation mixture contained 0.2ml of 0.2M-Tris-HCI buffer, pH7.6, 1.Omg of highly polymerized yeast RNA and 6-8mg of microsomal protein in a final volume of 1 ml. RNA was added at the end and the incubation was carried out in air for 30min at 37°C. After the incubation, 1 ml of 1 M-HCI in aq. 75 % (v/v) ethanol was added and the mixture was kept in ice for 30min. After centrifugation the E260 of the suitably diluted supernatant was measured. Appropriate controls were employed for the endogenous contribution of acid-soluble nucleotides.
NADPH-cytochrome c reductase activity was determined by the method of Masters et al. (1967) , in which the rate of reduction of cytochrome c was followed at 550nm by using a Cary 14 spectrophotometer.
Drug-metabolizing enzymes. Aniline hydroxylase was measured by the method of Imai et al. (1966) . For the assay, the microsomes isolated from livers homogenized in 1.15 % KCl were used. The reaction mixture contained 8mM-aniline, 0.32mM-NADP, 3mM-glucose 6-phosphate, 2.5mM-MgCl2, 1.3 units of glucose 6-phosphate dehydrogenase, lOOmM-Trisacetate buffer, pH8.0, and 3-4mg of microsomal protein in a total volume of 1 ml. The reaction was carried out for 20min at 37°C aerobically and stopped by the addition of 0.5ml of 20% (w/v) trichloroacetic acid. The p-aminophenol formed was measured in I ml of the supernatant by adding 0.5 ml of 10% (w/v) Na2CO3 and 1 ml of 2% (w/v) phenol in 0.2M-NaOH and measuring the E630 after 30min.
For measuring the aminopyrine demethylase activity, the same reaction mixture was used except that potassium phosphate buffer, pH7.5, was used instead of Tris-acetate buffer and the total volume was 3m1, which included 2mM-aminopyrine instead of aniline and 15mM-semicarbazide. The incubation was for 15min at 37°C and the reaction was stopped by the addition of 1 ml of 20% (w/v) trichloroacetic acid. The formaldehyde formed was determined by the method of Nash (1953) .
Determination of the rate of microsomal protein synthesis in vivo. The various groups of animals were injected intraperitoneally with 5,uCi of 14C-labelled Chlorella protein hydrolysate. After 45 min they were killed by decapitation and the livers were removed. The microsomes were isolated from the 0.25 Msucrose homogenate as described above, suspended 1973 in 0.25 M-sucrose and precipitated with trichloroacetic acid (5 %, w/v, final concentration). The precipitate was washed once with hot trichloroacetic acid (90°C) for 20min, twice with cold trichloroacetic acid, once with ethanol-diethyl ether (2:1, v/v) and finally with ether. The dry residue was dissolved in 1 ml of formic acid. A 0.5 ml portion was planchetted on to Whatman no. 3 filter-paper circles for measurement of radioactivity. Protein was determined in suitably diluted samples as described above after neutralization.
Determination of the rate of protein synthesis in vitro. The method of Munro et al. (1964) was employed. The incubation mixture contained 0.1 ml of the microsomal suspension, 0.2ml of the soluble factors (pH 5.0 fraction and supernatant factors) and 0.2ml of a mixture containing the following: 19 amino acids except leucine, 0.1l,mol each; ATP, 5,tmol; phosphoenolpyruvate, 2.5,umol; MgCl2, 2.5 ,umol; ,B-mercaptoethanol, 0.2, mol; GTP, 1 ,tmol; pyruvatekinase, 25,ug; and [U-14C]leucine, 1 uCi. The reaction was started by the addition of microsomes and the incubation was carried out for various timeperiods. The reaction was terminated by 5% trichloroacetic acid containing 0.2% (w/v) unlabelled leucine. The radioactive precipitate was processed as described above and radioactivity was determined. RNA was also determined in 0.1 ml of the microsomal suspension as described above and the results are expressed as c.p.m./mg of RNA.
Effect ofallylisopropylacetamide andphenobarbital on the rate oJ haem synthesis. [2-14C]Glycine was injected intraperitoneally into rats 8h after they had received the last injection of allylisopropylacetamide or phenobarbital. The animals were killed 1 h after the tracer (lO,uCi/animal) administration. Haemin was isolated from the homogenates after the addition of 1 ml of carrier blood and then recrystallized as described by Labbe & Nishida (1957 propylacetamide. The animals were killed 2h and 4h after the drug administration when the livers were removed, homogenized and the subcellular fractions isolated as described by Beattie & Stuchell (1970) . The homogenate, mitochondria, microsomes and the Vol. 134 post-microsomal supernatant were then extracted three times with ethyl acetate-acetic acid (3:1, v/v) by using 5 volumes each time. The precipitate was centrifuged and the supernatant was evaporated to dryness in a desiccator. The final residue was again dissolved in a known volume of ethyl acetateacetic acid and portions were planchetted on to filter-paper discs for radioactivity measurements. Ethyl acetate-acetic acid treatment extracted at least 95% of the radioactivity from all of the liver fractions. Radioactivity measurements. These were made in a Beckman LS-100 liquid-scintillation counter. The filter-paper discs were counted in vials containing lOml of 0.5% 2,5-diphenyloxazole in toluene. The vials containing radioactive haem were also counted by using the same scintillation fluid, which became coloured owing to the solubilization ofhaem. Quench correction was applied by using the channels-ratio method.
Results
The results presented in Tables 1-3 clearly establish that successive allylisopropylacetamide administrations stimulate the anabolic processes in the liver. There is a significant increase in liver weight, microsomal protein, RNA and phospholipid contents. The rate of protein synthesis in vivo shows an increase (Table 3 ). The increased rate of protein synthesis owing to allylisopropylacetamide administration is also evident in amino acid-incorporation studies with isolated microsomes (Fig. 1) . None of these effects of allylisopropylacetamide are counteracted by externally administered haematin, which by itself exhibits a small but consistent anabolic effect in every one of the parameters investigated.
With phenobarbital administration, although the isolated nuclei (Gelboin et al., 1967) and chromatin (Piper & Bousquet, 1968 ) have a greater capacity to synthesize RNA, the enhanced RNA content is not due to increased rate of synthesis, but may be due to increased processing or transport of ribosomal precursor RNA (Cohen & Ruddon, 1970) . Also the microsomal ribonuclease activity is strikingly inhibited by successive administrations of phenobarbital (Mycek, 1971) . The results in Table 4 show that successive administrations ofallylisopropylacetamide also cause a striking decrease in microsomal ribonuclease activity. Haematin by itself depresses ribonuclease activity in vivo and it has been reported to inhibit erythrocyte ribonuclease activity (Burka, 1970) .
Allylisopropylacetamide and phenobarbital cause an increase in 8-aminolaevulinate synthetase activity (Baron & Tephly, 1969a; Marver et al., 1966b) and in the rate of haem synthesis (Marver, 1969) . A detailed study (Table 5) (Scholnick et al., 1970) . Phenobarbital does not significantly change the rate of total haem synthesis in fed female rats under these conditions. However, a significant increase is seen after the second and third injections (only the values for the first and third injections are reported in Table 5 ).
The results in Table 6 clearly indicate that phenobarbital does not significantly induce 8-aminolaevulinate synthetase 8h after the first injection. A significant increase in enzyme activity is, however, seen after the second injection. Haematin counteracts Although allylisopropylacetamide induces 8-aminolaevulinate synthetase and increases the rate of haem synthesis, its primary effect seems to be one of decreasing the content of cytochrome P-450 (Table 7) . The decrease in cytochrome P-450 content owing to allylisopropylacetamide administration has also been reported by others and involves the breakdown of the haem moiety (De Matteis, 1970; Meyer & Marver, 1971) . Cytochrome P-450 contents reach normal or even greater than normal values 24h after allylisopropylacetamide administration (De Matteis, 1971; Satyanarayana Rao etal., 1972) . The results presented in Table 7 , where cytochrome P-450 contents have been measured 6 h after each allylisopropylacetamide injection, thus represent fresh breakdown of cytochrome P-450 after each injection of the drug. The decrease in cytochrome P-450 content is also reflected in the decrease in the activities of aniline hydroxylase and aminopyrine demethylase. or rate of haem synthesis. Again haematin counteracts the phenobarbital-mediated, but not the allylisopropylacetamide-mediated, effects on drug-metabolizing-enzyme activities. Another interesting feature of the comparative effects of allylisopropylacetamide and phenobarbital is that both the drugs cause an increase in NADPH-cytochrome c reductase activity. Haematin is effective only in the case of phenobarbital (Table 8) . Finally, Marver (1969) reported that haematin inhibits the uptake of phenobarbital into liver microsomes. A similar study with [2-14C]allyliso- propylacetamide reveals that haematin has no inhibitory effect on the uptake of the drug by any of the subcellular fractions examined at the timeintervals studied. A striking decrease in radioactivity of the liver homogenate at the 4h time-period as compared with 2h, is an index of the rate of clearance of the drug from the liver (Table 9) . Similar results were obtained at two amounts of allylisopropylacetamide administration, namely 150 and 400mg/ kg body wt.
Discussion
The present results clearly establish that allylisopropylacetamide shares several of the biochemical effects of phenobarbital. Both the drugs elicit an increase in liver weight, microsomal protein, RNA and phospholipid contents as well as the rate of protein synthesis in vivo and in vitro. In addition both the drugs depress ribonuclease activity and increase NADPH-cytochrome c reductase activity.
Regarding the effect on haem synthesis, allylisopropylacetamide and phenobarbital increase the activity of 8-aminolaevulinate synthetase and the rate of haem synthesis (Baron & Tephly, 1969a; Marver, 1969; Marver et al., 1966b) . Detailed studies indicate that allylisopropylacetamide causes an almost immediate increase in 8-aminolaevulinate synthetase activity. A striking increase in the rate of haem synthesis was observed 8h after allylisopropylacetamide administration. This time-period has been chosen in this study to avoid the complication arising from the initial breakdown of the haem moiety of cytochrome P450 owing to allylisopropylacetamide injection. At least in fed female rats phenobarbital has a delayed effect on 8-aminolaevulinate synthetase activity and the rate of total haem synthesis as compared with that of allylisopropylacetamide. However, phenobarbital brings about an increase in cytochrome P450 content under conditions where there is no change in 8-aminolaevulinate synthetase activity or in the rate of total haem synthesis. It is generally held that the availability of haem is ratelimiting for the synthesis of cytochrome P450 and the drugs increase the cytochrome P450 content by enhancing the rate of haem synthesis through the induction of 8-aminolaevulinate synthetase (Granick, 1966; Marver, 1969; Baron & Tephly, 1969a ,b, 1970 . However, the results of the present investigation indicate that at least under certain conditions the availability of haem need not be rate-limiting for cytochrome P450 synthesis. We have also shown that in hexachlorobenzene feeding cytochrome P-450 content can increase without eliciting a change in 8-aminolaevulinate synthetase activity or in the rate of total haem synthesis (Rajamanickam et al., 1972 Bock et al. (1971) have shown a similar effect in fed adult rats. Recently, De Matteis & Gibbs (1972) have also subscribed to the view that the primary effect of drugs affecting cytochrome P-450 content need not be at the level of haem synthesis.
The present results clearly indicate that the gross effects of allylisopropylacetamide and phenobarbital on 8-aminolaevulinate synthetase activity and the rate of haem synthesis cannot explain the similar biochemical effects, especially the anabolic effects exerted by them. In other words, the sequence of action does not appear to be one of increasing the rate of haem synthesis and consequently the rate of microsomal protein synthesis. In view of the report that a substantial portion of the microsomal proteins appear to be haemoproteins (Black et al., 1971) , it is important to understand the effect of haem on the rate of microsomal protein synthesis. The situation in liver may be different when compared with the role of haem in haemoglobin synthesis. The counteracting effect ofexternally administered haematin on the biochemical changes elicited by phenobarbital is not because of its function as a 'co-repressor' of 8-aminolaevulinate synthetase, but is due to its ability to inhibit phenobarbital uptake at the microsomal level. This contention is supported by the fact that haematin does not counteract the biochemical changes brought about by allylisopropylacetamide other than 8-aminolaevulinate synthetase induction and has no effect on the uptake of the drug by any of the subcellular fractions examined. However, externally administered haematin consistently lowered the amino acid-incorporating ability of isolated microsomes from allylisopropylacetamide-injected rats to a small extent (Fig. 1) .
It will be of interest to examine how phenobarbital and allylisopropylacetamide, which seem to act differently in the early stages, subsequently elicit similar biochemical effects. One possibility is that allylisopropylacetamide may elicit the formation of mRNA for 8-aminolaevulinate synthetase during the initial stages. Later stages involving repeated administrations of the drug may result in increased rRNA formation and/or stabilization. Phenobarbital may primarily increase the formation of apo-cytochrome P-450, which may subsequently elicit increased formation of 8-aminolaevulinate synthetase and haem. As suggested by Cohen & Ruddon (1970) , phenobarbital may also accelerate the processing or transport of ribosomal precursor RNA.
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